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SI,NIUARY ÀND GEIIERÀL CONCLU9IONg
In th is  thesis  the quest ion iE ra ised whether  the starch
biosynthesis  and. /or  composi t ion in  the potato can be a l tered by
gene t i c  man ipu la t i on .  I n  o rde r  t o  man ipu la te  s ta rch  me tabo l i sm a
transformat ion method is  regui red together  wi th genes which can
in te r fe re  i n  t h i s  me tabo l i c  p rocess .
In chapter  1 a br ie f  in t rod,uct ion is  presented on t ransforma-
t ion,  wi th emphasis on Àqrobacter iurn mediated t ransformat ion,  àg
we l l  as  on  s ta rch  b iosyn thes i s  i n  h ighe r  p lan ts .
chapter  2 descr ibes the development  of  a t ransfonnat ion system
for  potato by combin ing the use of  b inary vectors,  for  the
transfer  of  grenes,  wi th the use of  A.  rh izoqenes.  The À*
rh izogenes st ra in used,  was LBA 1334,  the b inary vector  used in
th i s  s tudy  was  pB I121 .  The  l a t t e r  ca r r i ed  a  res i s tance  gene ,
neom)rcin phosphotransferase I I conferring resistance to kànamy-
c in,  and a scorable Étene,  beta-g lucuronidase.  Two di f ferent
approaches r rêre used to obta in hai ry  roots:  one in which stem
exp lan ts  o f  a  d ip lo id  and  a  t e t rap lo id  geno type  (86 .040  and
8D86,  respect ive ly)  were in fected wi th a mixture of  À.  rh izoqe-
nes LBA 1334 and À.  tumefaciens LBA 4404 carry ing the b inary
vec to r  pB I121 ,  t he  o the r  by  wh i ch  the  exp lan ts  we re  i n fec ted
w i th  A .  rh i zoqenes  LBA 1334  ha rbou r i ns  pB I121 .  À t though  the
e f  f  i c i ency  to  ob ta in  ha i . r y  roo ts  r ràs  equa  I  l y  good  w i th  e i t he r
approach,  the percentage of  kanamycin res is tant  hai ry  rootg
Possess ing  be ta -g lucu ron idase  ac t i v i t y  was  much  h i she r  when  the
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b ina ry  vec to r  r . t as  i n teg ra ted  i n  A .  rh i zoqenes  (60% ve rsus  3%)  .
F r o m  a n o t h e r  d i p l o r d  p o t a t o  g e n o t y p e  ( H H  5 7 8  '  P D 0 0 7 )  t r a n s f o r -
m e d  w i t h  t h e  l a t t e r  p r o c e d u r e ,  h a i r y  r o o t  c l o n e s  w e r e  o b t a i n e d
f r o m  w h i c h  n i n e  w e r e  f u r t h e r  a n a l y z e d .  F r o m  e r g h t  o f  t h e s e  h a r r y
roo t  c l ones ,  shoo ts  e re re  regene ra ted .
T h e  p h e n o t y p r c a l ,  b i o c h e m r c a l  a n d  m o l e c u l a r  c h a r a c t e r i z a t i o n  o f
t h e s e  r e g r e n e r a t e d  p l a n t s  i s  d e s c r i b e d  i n  C h a p t e r  3 .  A I I  p l a n t e
e x h i b i t e d  t h e  t y p i c a l  R i - p h e n o t y p e  ( c a u s e d  b y  t h e  T L - D N A  o f  A .
r h i z o q e n e s )  ,  w e r e  k a n a m y c i n  r e s i s t a n t  a n d  p o s s e s s e d  b e t a - g l u c u -
r o n i d a s e  a c t Í v i t y  ( e n c o d e d  b y  v e c t o r  T - D N A )  S o m e  p l a n t s  a l s o
con ta ined  ag rop ine  syn thase  (encoded  by  t he  TR-DNÀ o f  A .
r h i z o q e n e s ) .  T h e  i n t r o d u c e d  t r a r t s  r e m a Í n e d  s t a b l y  e x p r e s s e d ,
e v e n  a f t e r  p r o l o n g e d  c u l t u r i n g  u n d e r  n o n - s e l e c t i v e  c o n d i t i o n s .
No  re la t i onsh ip  be tween  b ina ry  vec to r  T -DNA copy  number  and  the
leve l s  o f  kanamyc in  res i s tance  and , /o r  be ta -g lucu ron idase  exp res -
s i o n  w e r e  f o u n d .  O n e  s t r i k i n g  r e s u l t  w a s  t h a t  t h e  t r a n s f o r m e d
p lan ts  f o rmed  more  roo ts  when  g ro ! . / n  on  kanamyc in  con ta in ing
med Íum t -han  on  kanamyc i . n  f  r ee  med j .um.  Th i s  r s  i n  con t ras t  w i t h
resu l t s  ob ta ined  w i th  À .  tUmefèc l€Os  t rans fo rmed  p ian ts  whe re
the  amoun t  o f  r oo t s  f o rmed  on  se lec t i ve  med ium i s  l ess  t han  on
n o n - s e l e c t i v e  m e d i u m .  À I t h o u s h  t h e  m a j o r i t y  o f  t h e  p l a n t s  Í r a s
c y t o l o g r i c a l l y  a l t e r e d  -  5 8 t  w e r e  t e t r a p l o i d  -  t h e  a m o u n t  o f
g r o s s  c y t o l o g i c a l  a b e r r a t i o n s  w a s  I i m i t e d .  M o l e c u I a r  a n a l y s i s
showed  tha t  t he  number  o f  i n teg ra ted  vec to r  T -DNÀ and  TL -DNÀ
cop ies  va r i ed  f r om 1  to  5 .  The  number  o f  TR-DNÀ cop ies  i n
ag rop ine  pos i t i ve  p lan ts  v ras  2 .  The  vec to r  T -DNA sequences  e , / e re
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t runca ted  copy  v ras  f  ound .  Ev idence  r " ras  f  ound  tha t  seE Í rega t i on  o f
t he  i . n t roduced  t ra i t s  cèn  take  p lace  a f t e r  t r ans fo rma t i on  o r
d u r i n g  r e g e n e r a t i o n .
Chap te r  4  t r l es  t o  g i ve  ans l re rs  on  the  ques t i ons  whe the r  and  how
the  i n t roduced  t ra i t s  a re  t r ansm j . t t ed  t o  an  F r -p ro9eny .  À l t houg rh
t r a n s f o r m a t i o n  r e s u l t e d  i n  r e d u c e d  m a l e  f e r l i l Í t y  i t  w a s  p o s -
s i b l e  t o  o b t a i n  s e e d .  S Í x  c r o s s e s  f r o m  a  t o t a l  o f  3 4  d i f f e r e n t
c o m b i n a t i o n s  p r o d u c e d  b e r r i e s .  À n a l y s i s  o f  s m a l l  F 1 - p o p u l a t i o n s
f rom fou r  c rosses  showed  tha t  t he  i n t roduced  t ra i t s  a re  t r ans -
m i t t ed  t o  t he  o f f sp r j . ng .  One  o f  t he  mos t  i n te res t i ng  resu l t s  was
that  no recombinants for  the in t roduced t ra i ts  were found.  The
r e s u l t s ,  w i t h  e x c e p t i o n  o f  t h e  r h i z o g e n i c i t y  t r a i t  i n  f a m i t y
8804 ,  a re  compa t i b l e  w i t h  comp le te  l i nkage  o f  t he  marke r  genes .
The  mo lecu la r  da ta  on  the  R i -pa ren t  p lan ts  a re  i n  ag reemen t  w i t h
t h e  r e s u l t s  o f  t h e  g e n e t i c  a n a l y s i s .
The  resu l t s  (Chap te r  2  and  unpub l i shed )  show tha t  t he  t r ans fo r -
m a t i o n  e f f i c i e n c y  i s  h i s h  w i t h  a l  I  t e s t e d  g e n o t y p e s .  I n  a l  I
caees  regene ra t i on  o f  shoo tg  f r om ha i r y  roo ts  i s  poss ib le
w i th in  a  reasonab le  t Íme  (6  t o  10  weeks ) ,  a l t houg rh  t he
regene ra t i on  pe rcen tages  may  va ry  (8 t  t o  54X) .  Howeve r ,  t he  way
by  wh ich  d i f f e ren t  genes  a re  i n teg ra ted  Ín to  t he  po ta to ,  i n
apPèren t l y  t he  same p lace  i n  t he  g renome (Chap te r  4 )  ,  r end .e rs
Prac t i ca l  use  o f  t h l s  t r ans fo rma t i on  me thod  cumbersome,  s i nce
ge t t i ng  r i d  o f  t he  undes i red  ha i r y  roo t  cha rac te r  by  recomb ina -
t i o n  w i l l  b e  v e r y  d i f f i c u l t .  T h e  f i n a l  g r o a l  i n  t h i s  c a s e  t s  t o
e n d  u p  w i t h  p l a n t s  w h i c h  o n l y  c o n t a i n  v e c t o r  T - D N A  a n d  r r o t h i n g
e l s e .  H o w e v e r ,  f o r  s c i e n t i f i c  u s e ,  w h e r e  t h e  p r e s e n c e  o f  R Í - T -
r  1 9
D N A  i s  o f  n o  c o n c e r n ,  t h i s  m e t h o d  i s  v e r y  s u r t a b l e .
Àn  i .mpor tan t  enzyme invo i ved  rn  t he  syn thes i . s  o f  amy lose  i n
s ta rch  r s  t he  g ranu le -bound  s ta rch  syn thase  (GBSS)  .  The  mo lecu -
l a r  c l on ing  and  cha rac te r i za t i on  o f  t he  gene  encod . i ns  GBSS f rom
a  w i l d t y p e  a n d  a n  a m y l o s e - f r e e  p o t a t o  m u t a n t  Í s  d e s c r i b e d  i n
Chap te r  5 .  Seve ra l  genomic  c l ones  i n  À  E } ' ÍBL4  f  r om bo th  po ta to
geno types  e re re  i so la ted  and  cha rèc te r i zed  w i th  t he  a lm  to
iden t i f y  t he  mu ta t i on  i n  t he  amf -1  po ta to .  As  i n  ma ize  abou t
ha i f  t he  number  o f  amy lose - f ree  o r  waxy  geno types  a re  cha rac te -
r i zed  by  a  s t ruc tu ra l  l es ion  i n  t he  GBSS gene .  t { e  a t t emp ted  to
iden t i f y  such  a  l es ion  Ín  t he  GBSS s rene  o f  t he  amf -1  po ta to .
I t  was  found  tha t  t he  gene  encod ing  GBSS i s  a  un ique  gene  i n
po ta to  wh i ch  i s  exp ressed  i n  a  number  o f  d i f f e ren t  t i s sues
i n v o l v e d  i n  r e s e r v e  o r  m e t a b o l i c  s t a r c h  p r o d u c t i o n .  E x p r e s s i o n
i s  m o s t  p r o n o u n c e d  i n  s t o l o n s  a n d  t u b e r s .  N o  s t r u c t u r a l  d i f f e -
rence  l a rge r  t han  50  bp  cou ld  be  found  be tween  the  GBSS w j .  l d t ype
and amf-1 potato genes.  The amount  of  GBSS RNA present  in  tubers
o f  t he  amf -1  mu tan t  appea red  to  be  h i she r  t han  tha t  i n  t ube rs  o f
t he  w i l d t ype .  The  absence  o f  amy lose  and  the  GBSS p ro te in  does
no t  necessa r i  l y  mean  tha t  a  mu ta t i on  i n  t he  GBSS g rene  i s
i nvo l ved ;  a  mu ta t i on  i n  àno the r  gene ,  a l t hough  no t  known  i n  t he
I  i t e r a t u r e ,  m i g h t  a c h i e v e  a  s i m i  I a r  p h e n o t y p e .  S t u d i e s  t o
e luc i . da te  t he  na tu re  o f  t he  amf -1  mu ta t i on  a re  i n  p rog ress .  Base
s u b s t i t u t i o n s  o r  s m a l l  c h a n g e s  i n  t h e  G B S S  g r e n e  c a n  b e  t r a c e d  b y
s e q u e n c r n q  t h e  g e n e s .  À n o t h e r ,  m o r e  c o n c l u s i v e  w a y  t o  i . n v e s t i . -
g a t e  w h e t h e r  t h e  m u t a t i o n  l : . e s  w i t h i n  t h e  G B 5 5  g e n e  i . s  t o
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o  i nves t i -
n.  is  to
present  in
the  co lume l l a  ce l l s  o f  r oo t  t i ps  t he  p resence  o f  amy lose  can  be
eas i l y  de tec ted .  S ta ined  w i th  Lugo l s  so lu t i on  ( I k I )  pu re  amy lo -
pectin colours red-brown, whereas mixtureg of amylopectin and
amylose colour  b lue.  Àt temps to complement  the mutant  wi th a
potato GBSS cDNÀ construct using the binary vector T-DNA,/L
rh izoqenes approach gràve no posi t ive resul t .  No b lue coloured
starch was observed in hairy rootg induced on amf-1 plantE
(unpubl iEhed resul tE) .  s ince the cDNÀ might  be non-funct ional
exper iments wi th the GBSS senomic c lone should gr ive the f ina l
ansrrer to the question, whether the mutation is in the GBSS gene.
In chapter  6 exper imentg are descr ibed a imed at  inh ib i t ion of
the GBSS activity in potato tubers and thus at affecting the
amylose, /amylopcct ine rat io .  Hctero logous,  eo cal  led ant isense.
constructs lrere introduced by the binary vector,/A. rhizoEenes
transformation procedure described in Chapter 2 into two potato
genotvpesr  l {7322 and PD007.  Hairy  roots which developed on stem
segrmentg of both genotypes werc stained with Lugols solution
( IKI ,  which sta ins pure amylopect in  reddish-brown and starch
wi th amylose b lue)  to dctermine whether  reddish-brown colunel la
cel ls  could bc obta ined,  thus suggeEt ing completc inhÍb i t ion of
the GBSS act iv i ty .  Such cel ls  ercre indeed found:  howcver,
instead of  homogeneously s ta in ing hai ry  roots,  roots wi th à
pat tern of  b lue and reddigh-brown sta in ing cel ls  were obta incd.
Nevertheless,  th is  ind icated that  some ef fect  on the GBSS
act iv i ty  was obta ined.  Plants vrere regenerated f rom hai ry  roots
of  both potato genotypes and min i tubers l rere induced in v i t ro.
From both genotypes min i tuber  Etarch eras analyzed for  i ts
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amy lose , /amy lopec t i n  ra t i o .  Th i . s  showed  tha t  a l  I  o f  t he  i nves t í -
ga ted  tube rs  con ta ined  amy lose .  Howeve r ,  as  a  g roup  the  an t i -
sense t ransformants showed a lower average amylose content
compared to wi  ld type t ransformed p Iants.  À number of  PD007
t rans fo rman ts  we re  fu r the r  cha rac te r i zed  fo r  GBSS ac t i v i t y  and
amoun t  o f  GBSS p ro te in .  The  mos t  i . n te res t i ng  resu l t s  f r om the
a n a l y s i s  o f  t h e s e  p l a n t s  w e r e ;  ( 1 )  s t r o n g  i n h i b i t i o n  o f  t h e  G B S S
ac t i v i t y  (up  to  85 t )  was  no t  accompan ied  by  a  co r respond ing
reduc t l on  o f  t he  GBSS p ro te ln  amoun t  and  (2 )  reduc t i on  o f  GBSS
a c t i v i t y  r e s u l t e d  i n  o n i y  a  m i n o r ,  n o t  p r o p o r t i o n a l ,  r e d u c t i o n
o f  t he  amy lose  con ten t .  These  resu l t s  i nd i ca te  t ha t  s i g rn i f i can t
i nh ib i t i on  o f  t he  GBSS enzyme ac t i v i t y  can  be  ach ieved  w l th
he te ro logous  an t Í sense  cons t ruc t s ,  a l t houg rh  t hus  fa r  t o ta l
i nh ib i t i on  was  no t  obse rved  i n  t he  i nves t i sa ted  ma te r i a l .
W i th  t he  c  l oned  po ta to  GBSS gene  and  the  know ledge  tha t
an t i , sense  GBSS cons t ruc t s  can  i n f  l uence  the  amy lose  con ten t  o f
po ta to  s ta rch ,  power fu l  t oo l s  have  become ava i l ab le  t o  man ipu -
l a te  t h j . s  pa rame te r .  No t  on l y  can  the  i n t roduc t i on  o f  t he  GBSS
gene  i n  sense  o r  an t i sense  o r i en ta t i on  t each  us  more  abou t
(pa r t s )  o f  t he  s ta rch  b iosyn the t i c  pa thway ,  bu t  l t  m i sh t  a l so
Iead  to  t he  p roduc t i on  o f  new  po ta to  s ta rches .
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